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[57] ABSTRACT 
This invention presents an NOX environment effective 
reduction apparatus comprising a sulfur tolerant coron 
al-catalyst such as high dielectric coronal-catalysts like 
glass wool, ceramic-glass wool or zirconium glass wool 
and method of use. In one embodiment the invention 
comprises an NOX reduction apparatus of sulfur tolerant 
coronal-catalyst adapted and con?gured for hypercriti 
cal presentation to an NO, bearing gas stream at a mini 
mum of at least about 75 watts/cubic meter. 

11 Claims, 5 Drawing Sheets 
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NOX REDUCTION BY SULFUR TOLERANT 
CORONAL-CATALYTIC APPARATUS AND 

METHOD 

STATEMENT OF GOVERNMENTAL INTEREST 

The US Government has a paid-up license in this 
invention and the right in limited circumstances to re 
quire the patent owner to license others on reasonable 
terms as provided in the terms of contract No. DE 
AC22-87PC79852 awarded by the US. Department of 
Energy. 

FIELD OF THE INVENTION 

This invention presents an NOX environment effec 
tive reduction apparatus comprising a sulfur tolerant 
coronal-catalyst such as high dielectric coronal 
catalysts like glass wool, ceramic-glass wool or zirco 
nium glass wool and method of use. In one embodiment 
the invention comprises an NOX reduction apparatus of 
sulfur tolerant coronal-catalyst adapted and configured 
for hypercritical presentation to an NOX bearing gas 
stream at a minimum of at least about 75 watts/cubic 
meter. 

BACKGROUND OF THE INVENTION 

Millions of tons of nitrogen oxides, (denoted, gener 
ally herein as “NOx”), are emitted into the atmosphere 
each year as a result of high temperature combustion of 
fossil fuels. Nitrogen oxides have been cited as major 
contributors to acid rain, by some estimates being about 
one-third of the acid contribution. Thus global interest 
has been focused on development of practical apparatus 
and methods to reduce the entry of nitrogen oxides int 
the atmosphere. 

Since the ?rst part of this century, developmental 
efforts have been directed to convert nitrogen oxides to 
the individual elemental diatoms, N2 and 02. Yet despite 
the lengthy search, no previous investigator has suc 
ceeded in devising a large scale procedure that does not 
require introduction of an exogenous reducing agent 
such as NH3, CH4, or CO. Alternatively, the use of 
electron beam (e-beam) irradiation, electrical discharge 
irradiation, and light (laser or ?ash) has been unsuccess 
fully attempted. 

Previous investigation on chemical reactions in elec 
trical discharge includes the work of J oshi in the 1920s 
(N02 and N20 decomposition/electron movement be 
tween glass walls in AC discharge), Visvanathan in the 
1950s (NO decomposition in electric charge). Others 
looking at the general conditions of electric/chemical 
reactions include Brewer and Westhaver (J. of Phys. 
Chem; 33:883 (1929)), Lacoste, G. and Bess, R (Rev. 
Chim. Minerale; 11:14 (1974)), Bess, R. (Rev. Phys AppL; 
12:1029 (1977)). A more comprehensive presentation of 
the previous work in nitrogen oxide control is presented 
in A Uni?ed Projection of the Performance and Economics 
of Radiation-Initiated NOx/SOX Emission Control T ech 
nologies, Person et al. Dept. of Energy Cpontract No. 
DE-AC22-84PC70259 (1985), the teachings of which 
are incorporated herein by reference. 
Other works on electro-catalysts take a position di 

rectly opposite from the instant invention. Such are 
those of van den Bleek, et al., (1. Chem. E. Symposium 
Series, U. of Salford (1979)) stating that efficiency of 
nitrogen oxide reduction is improved when catalytic 
surfaces are able to donate an electron to the oxide, and 
Wooten and Marigold (US Pat. No. 3,562,127 (1971)) 
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2 
(using gold plated, i.e. conductive, metal wool) and 
reporting augmented nitrogen reduction only when 
gold is used. 
The instant inventive apparatus and method over 

comes the problems previously encountered in the art. 
This invention employs a novel concept based on rec 
ognizing chemical reactions occurring in gaseous elec 
trical discharge as distinct from reactions that result 
when equally energetic electrons are made to travel on 
metal surfaces. 

SUMMARY OF THE INVENTION 

This invention concerns an NO, environment effec 
tive reduction apparatus comprising a sulfur tolerant 
coronal-catalyst. In one embodiment the coronal 
catalyst is a high dielectric catalyst, such as glass wool 
or ceramic-glass wool. A useful high dielectric material 
is strontium titanate. In a particular embodiment the 
coronal-catalyst is TiOz (such as Rutile) in ?lamentous 
form. In a speci?c embodiment the coronal-catalyst is 
charged at from at least about 75 watts/meter3. 

Filamentous form (particularly bulk ?bers about 1/16 
inch in length) high dielectric catalysts comprises tita 
nate (such as barium, calcium or zinc titanate), alumina, 
zirconia (such as ZrO2) or magnesia. 

In another embodiment this invention includes an 
NOX environment effective reducion apparatus com- ~ 
prising a sulfur tolerant coronal-catalyst wherein said 
coronal-catalyst is adapted and configured for hyper 
critical presentation to an NOX bearing gas stream at 
least about 75 watts/meter3. In a particular embodiment 
the coronal-catalyst is a high dielectric catalyst, such as 
glass wool or ceramic-glass wool. 
One speci?c embodiment of the invention is an NOX 

environment effective reduction apparatus comprising a 
sulfur tolerant coronal-catalyst of glass wool or ceram 
ic-glass wool; 

said coronal-catalyst maintainable at at least about 75 
watts/meter3; 

coronal-catalyst is disposed in from one to a plurality 
of tubular members con?gured and adapted to receive a 
?ow of NO, bearing gas; 

said coronal-catalyst being present in amounts of 
from about 0.5 to about 150 kg/m3; 

said apparatus activatable by voltage from about 4000 
to about 30,000 volts; 

said voltage having a frequency of from 60 Hz to 
about 30,000 Hz; 

said ?ow of NO,‘ bearing gas having a residence time 
in said tubular members of from about 0.2 to about 5 
seconds or more. The useful voltages may have wave 
form of sine, square, triangle or pulse. 
The invention further comprises a method of envi 

ronment effective reducing of NO; emission comprising 
the step of exposing NO; to a sulfur tolerant coronal 
catalyst at least about 75 watts/meter3. In embodiments 
of the method the coronal-catalyst is a high dielectric 
catalyst, such as glass wool or ceramic-glass wool. 
One speci?c embodiment is a method of environment 

effective reducing of NO, emission comprising the step 
of exposing NO, to a sulfur tolerant coronal-catalyst 
wherein said coronal-catalyst is adapted and con?gured 
for hypercritical presentation to an Nox bearing gas 
stream at a minimum of at least about 75 watts/meter3, 
optionally wherein the coronal-catalyst is a high dielec 
tric catalyst, such as glass wool or ceramic-glass wool. 
This method, in one embodiment, comprises an NO, 
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environment effective reduction apparatus comprising a 
sulfur tolerant coronal-catalyst of glass wool or ceram 
ic-glass wool; 

disposing said coronal-catalyst in from one to a plu 
rality of tubular members con?gured and adapted to 
receive a ?ow of NOJr bearing gas; 

maintaining said coronal-catalyst at at least about 75 
watts/meter3; 

said coronal-catalyst being present in amounts of 
from about 0.5 to about 150 leg/m3; 

applying voltage to said apparatus activatable by 
voltage from about 4000 to about 30,000 volts; 

said voltage having a frequency of from 60 Hz to 
about 30,000 Hz; 

maintaining residency of said flow of NO, bearing gas 
in said tubular members of from about 0.2 to about 5 
seconds or more. The useful voltages may have wave 
form of sine, square, triangle or pulse. Alternating volt 
age is a useful embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphic representation of the surprising 
superiority of the coronal-catalysts of the present inven 
tion as compared to non coronal-catalyst column pack 
ing materials. 
FIG. 2 is a schematic diagram of an experimental 

apparatus. 
FIG. 3 is a graphic representation of sulfur tolerant 

coronal-catalyst compared to sulfur intolerant coronal 
catalyst or sulfur intolerant catalyst in general. 
FIG. 4 is a schematic diagram of an coronal-catalytic 

column scrubber of the instant invention in industrial 
con?guration. 
FIGS. 40 and 4b show details of a reactor tube of 

FIG. 4. 
FIG. 5 is a schematic representation of coronal 

catalyst reaction. 
FIGS. 5(a)-(d) show a reaction scheme. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The instant invention is most clearly understood with 
reference to the following de?nitions. 

“Sulfur tolerant” shall mean not more that about 10% 
reduction in efficiency under conditions of either (i) 40 
ppm sulfur/ gm of catalyst, or (ii) a molar ratio of NO to 
S0; equal to or less than about 1. 
“High Dielectric” refers to a dielectric constant ap 

proximately of glass wool and ceramic-glass wool- 
about 4-—up to TiOg or ZrOz of 80 or beyond. 

“Coronal-catalyst” shall mean those catalysts which 
are not substantially surface area dependent as to cata 
lytic activity. A particular coronal-catalyst is material 
such as glass wool, ?lamentous in nature, which dis 
perses electron charge and channels the ?ow of elec 
trons through a gas thereby enhancing electron density 
in the flow path. Thus, such charge dispersion and elec 
tron channeling augments electron-molecule collision 
as compared to molecular-molecular collision. This is 
represented in FIG. 5. Electron ?ow channeled and at 
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high velocity and density across coronal-catalyst sur- ' 
face is seen to increase likelihood of an NOX reduction 
producing collision. 
“Environment effective” shall mean reduction of 

NO; by at least about 90% and preferably by about 98% 
and more preferably about 99.4%. 
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4 
Kaowool is a trademark of Thermal Ceramics, Inc. 

(Augusta, Ga.) for ceramic glass ?bers and is generi 
cally referred to herein as ceramic-glass wool. 
NO, shall mean any oxide of nitrogen, including but 

not limited to NO, N20, N02, N205, N203, N03. 
“Hypercritical presentation” to an NO; bearing gas 

stream shall mean at a minimum of at least about 75 
w/m3. Presentation parameters providing hypercritical 
presentation include: 

1. Operation from about 60° F. to about 1000" F. 
Preheating is not required. 

2. Water vapor present in the reaction area up to 
about 12%. 

3. 50; concentration up to about 3000 ppm. 
4. Oxygen up to about 5%. 
5. Voltage from about 4000 to about 30,000 volts. In 

particular it is observed that rate of change in volt 
age going from about zero to a level up to maxi 
mum augments ef?ciency. In various applications 
known wave forms such as sine, square, triangle 
and pulse as well as others are useful. 

6. Column packing from about 0.5 to about 150 
kg/m3. 

7. Column residence time from about 0.2 to about 5 
seconds or more. Residence time is directly related 
to column flow and column length. 

8. CO concentration up to about 1000 ppm. CO in 
creases NOX reduction as shown in FIG. 6. 

9. Frequency of from 60 Hz to about 30,000 Hz. 
Hypercritical reaction conditions are easily deter 

mined empirically. If NOX is not being effectively re 
moved, removal is increased by increasing voltage, 
increasing column packing, increasing residence time, 
increasing temperature, increasing the frequency, de 
creasing 02, decreasing S02, decreasing but not elimi 
nating CO, or decreasing H2O. In instances of a slight 
excess of oxygen, addition of a reducing gas such as CO 
will effectively reduce the adverse consequence of the 
oxygen excess. I-Iypercritical presentation also recog 
nizes that there is a threshold voltage below which no 
substantial NOX reduction will occur. Upon reaching 
the threshold voltage some variability in reduction is 
observed during an equilibration or ignition phase of the 
reduction reaction. 

(Non. — Noam) 
“% NO Conversion shall mean Noi" X100 

(Noxin _ Noxoln) 
“% NOx Reduction“ shall mean Non" >( 100 

as to mole basis of N, alone. 

Without being bound by any particular theory, it is 
believed that the coronal-catalytic reduction phenome 
non is based on energy input of corona catalyzed reac 
tions. A corona is an energetic electric ?eld in which 
there is a cool discharge promoting the free ?ow of 
electrons through the inter-electrode spaces. It is impor- ‘ 
tant to distinguish the cool discharge herein employed 
from hot discharge. Cool discharge is distinguished in 
(1) only the electrons gain appreciable energy through 
the system and therefor increased temperature, leaving 
the bulk of material ?owing through the system largely 
substantially unheated and thus exiting at the approxi 
mate entry temperature, and (2) a corona is generally an 
evenly distributed discharge over the entire reactor 
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volume, where as a hot discharge is typically a local 
point to point are engaging very little volume. 
FIG. 5. depicts the hypothetical steps of coronal 

catalyzed reaction. In FIG. 5(a) the active corona is 
shown as free electrons ?owing between the negative 
and positive electrodes. The oxide of nitrogen used in 
this example is nitric oxide (NO), but other oxides of 
nitrogen are similarly reacted. As the nitric oxide (NO) 
flows through the reactor it is bombarded by the free 
?owing electrons. Most of the electrons have insuffi 
cient energy to be incorporated into the nitric oxide 
electron orbitals. However, some electron collisions are 
sufficiently energetic for electron incorporation as 
shown in 5(b). The unstable anionic nitric oxide mole 
cule decomposes into a negatively charged nitrogen 
radical and an oxygen atom as shown in 5(a). Finally the 
nitrogen and oxygen atoms react through other short 
lived intermediate reactions forming molecular nitro 
gen and oxygen as in 5(a'). 
FIG. 1 shows the surprising superiority of ceramic 

glass wool and glass wool to conductive wools in re 
ducing nitrogen oxides under electrical discharge con 
ditions. Glass wool is available from a number of 
sources incliding Fisher Scientific Company (Pitts 
burgh, Pa.) and Supelco, Inc. (Belle Fonte, Pa.). Exam 
ples of inferior materials shown in FIG. 1 are gold 
plated stainless steel stainless steel wool and steel wool 
none of which achieved grater than 80% conversion of 
nitrogen oxides compared to substantially 100 percent 
conversion for ceramic-glass wool and glass wool when 
presented with up to about 700 ppm NO or more. The 
reaction conditions resulting in the data of FIG. 1 in 
which test gases were passed over packing materials in 
a column were as follows: 

NO concentration at inlet=490 to 500 ppm 
N2 balance to make 100% 
Voltage across electrodes=0—l8.0 KVAC 
Residence time of gas in column=2.0 to 2.1 sec 
Temperature of gas and column=30° C. 
A test apparatus for determining NOX removal is 

schematically represented in FIG. 2. Gas cylinders 
supply metered amounts of gas to a test column, the gas 
and amount supplied depending on experimental proto 
col. Gas cylinder 2 supplies nitric oxide, gas cylinder 4 
supplies nitrogen, gas cylinder 6 supplies sulfur dioxide, 
gas cylinder 8 supplies oxygen, and gas cylinder 10 
supplies carbon dioxide. All gas cylinders were metered 
by calibrated mass flow meters 12. The gaseous mixture 
from the cylinders is passed through a preheat section 
14 prior to entering the furnace 16. Provision was made 
to humidify nitrogen gas prior to furnace entry by pas 
sage through a humidifying means 18, here a bubbling 
device. Inlet of gas to the furnace was through a 1 inch 
diameter tube 20, in this apparatus fashioned of a glass, 
high silicone glass or ceramic insulator (e.g., Vycor TM , 
Corning Glass Works, Troy N.Y.). Furnace 16 was 3 
feet in length in the test apparatus but in practice a 
furnace may be omitted or may be up to 10 ft or longer. 
Within the furnace was packing material 22 such as 
glass wool (including silanized glass wool), polymeric 
?bers, ceramic-glass wool or metal wool being tested 
for coronal-catalytic properties. Packing material was 
contained by packing supports 24. The packing material 
was served by a power supply 26 leading through line 
32 to the packing material with an outer electrode 28 
and an inner electrode 30 leading to the power supply 
through line 34 equipped with resistor 36. The appara 
tus was also provided with a bypass line 38 having a 
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6 
valve 40 joining outlet sampling line 42 providing for 
inlet and outlet NO and NO, determinations at the same 
conditions, i.e. with the valve taking the place of the 
reactor. 

FIG. 3 graphically represents the effect of SO; in 
inlet gas on NO conversion using glass wool catalyst 
packing. At 23° C. and NO input of 500 ppm, 02 input 
0.011% H2O input 0.15% with a residence time of 2.0 to 
2.1 sec. Line A shows NO conversion without 80; 
present and line B with S0; at 470 ppm. NO conversion 
remains substantially 100% 
FIG. 4 shows a diagram of a commercial application 

in a residential setting for the invention. NOX reducing 
apparatus (400) has ?ue gas (402) enters the reactor 
(406) through plenum (404). The reactor as depicted is 
of 230 tubes 24 inches long in a 60° pitch. In the plenum 
the ?ue gas ?ow is directed to reactor tubes (408) being 
high dielectrics which are disposed, in this embodiment, 
in parallel as shown enlarged in FIG. 4b, (absent elec 
trodes). Each tube (shown in detail in FIG. 40) com 
prises an inner electrode (414) and an outer electrode 
(410) the tube being filled with coronal-catalyst (412) as 
packing material. Packing density from about 1 to 5 
kg/m3 was used though about 0.5 to about 150 kg/3 is 
possible. 
The ?ue gas traversing the interior of reactor tube 

(408) recombines as a single exit stream (416) in outlet 
plenum (418) and exits through outlet (420). The volt 
age across the electrodes is supplied at frequencies from 
about 60 Hz to about 30,000 Hz and in various wave 
forms. Voltage may be applied by energizing one or 
both electrodes. Energizing one electrode may be by 
means of a cold cathode transformer. 
The complete system of FIG. 4 further comprises 

I.D. exhaust fan (422) and a power supply (428) powers 
fans and electric potential of the coronal-catalyst and a 
tuning circuit (426), connected to the outlet power sup 
ply and capable of minimizing the power requirement of 
the power supply. The source of NO, emission as de 
picted is a home heating system (424). In a typical resi 
dential application the overall system is about 5 to 6 feet 
in height and about one foot long on each side. Large 
capacity is easily accommodated by such design modi? 
cation as including additional coronal-catalyst sections 
(406). Power consumption is about 150-300 watts in a 
residential furnace. 
FIG. 6 illustrates the advantage to NO reduction in 

the presence of a reducing gas such as CO. The percent 
age of NO reduction is plotted against voltage with CO 
at 750 ppm and NO at 500 ppm. C0 (+) as compared to 
no CO C) discloses an increase in efficiency at a given 
voltage when a reducing gas is present in suitable quan 
tity to increase no reduction. 
The operational utility of the instant invention is clear 

from the following tables. Table 1(a) shows the reduc 
tion of NOin of 500 ppm with an 02 content of 0.01 1% 
and a water content of 0.14% without coronal-catalyst, 
with a distance between electrodes 10.8 mm, and a 
residence time of 2.0 seconds. All percents are vol/vol 
unless otherwise noted. The percentage of conversion 
and reduction is seen to increase with voltage. 

This invention will be better understood with refer 
ence to the following tables disclosing data gathered 
utilizing the test apparatus of FIG. 2. 

Table 1(b) shows the reduction of NOin of 500 ppm 
with an 02 content of 0.010% and a water content of 
0.12%, using 15.0 gm ceramic-glass coronal-catalyst, 
with a distance between electrodes of 10.8 mm, and a 
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residence time of 2.0 seconds. At voltagespequivalent to 
(a) the efficience is seen as 2 to 3 times greater, and 
environment effective. 

Table 1(c) shows the reduction of NOin of 500 ppm 
with an 02 content of 0.011% and a water content of 
0.10%, using 9.2 gm of cotton as packing, with a dis 
tance between electrodes of 10.8 mm, and a residence 
time of 2.0 seconds. At voltages equivalent to (a) the 
efticience is seen as about i that of the coronal-catalyst 
of 1(b). 

Table 2(a) shows the reduction of NOin of 500 ppm 
with an 02 content of 0.012% and a water content of 
0.15%, using 7.68 gm glass coronal-catalyst, with a 
distance between electrodes of 10.8 mm, and a residence 
time of 2.1 seconds. At voltages from 6.1 to 16.04 kV. 
The efiicience is environment effective being over 90% 
at 16.04 kV. 

Table 2(b) shows the reduction of NOin of 490 ppm 
with an 02 content of 0.013% and a water content of 
0.16%, using 55.0 gm of Linde Molecular Series 4A 
(Union Carbide, Danbury, Conn), with a distance be 
tween electrodes of 10.8 mm, and a residence time of 2.0 
seconds. At voltages equivalent to (a) the ef?cience is 
seen as about 10% less as compared to the coronal 
catalyst glass wool catalyst of Table 2(a). 

Table 2(c) shows the reduction of NOin of 500 ppm 
with an 02 content of 0.017% and a water content of 
0.15%, using 7.71 gm of silanized glass wool coronal 
catalyst thus chemically modi?ed, with a distance be 
tween electrodes of 10.8 mm, and a residence time of 2.0 
seconds. At voltages equivalent to (a) the efficiency is 
seen to be well over 99%, clearly environment effec 
tive. 

Table 3(a) shows the reduction of NOin of 500 ppm 
with an 01 content of 0.02% and a water content of 
0.18%, using 7.78 gm of zirconium coated ceramic-glass 
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coronal-catalyst, with a distance between electrodes of ' 
10.8 mm, and a residence time of 2.0 seconds. At volt 
ages upto about 16 kV the efficiency is seen as close to 
99%, being clearly environment effective. 
Table 3(b) shows the reduction of NOin of 500 ppm 

with an 02 content of 0.012% and a water content of 
0.22%, using 7.79 gm of glass wool coronal-catalyst, 
with a distance between electrodes of 10.8 mm, and a 
residence time of 2.0 seconds. At voltages upto about 16 
kV efficiency is seen to be well over 99%, being clearly 
environment effective. 

Table 4(a), (b) and (c), 5(a), (b) and (c) and (d) dis 
close more examples of glass wool as an highly effective 
coronal-catalyst. 

EXPERIMENT 1 

Using the above noted test apparatus metal wool 
(steel or stainless steel) was packed into the reactor. NO 
at about 500 ppm was introduced in a nitrogen stream 
into the reactor. The voltage was increased from zero to 
approximately 18,000 vac during the test. Measurable 
NO reduction began at a voltage of 4,000 volts. NO 
reduction increased uniformly and predictably with 
increasing voltages. A maximum reduction of about 
60% occured at a voltage of 18,000 vac (the maximum 
possible from the experimental equipment). Stainless 
steel wool performed somewhat better than the steel 
wool but did not approach the efficiency of coronal 
catalyst of the invention. 
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EXPERIMENT 2 

Gold, known to be a highly catalytic material under 
these conditions, was tested for NO, reduction capabil 
ity. The gold was plated on to stainless steel wool. 
Using the above noted test apparatus, the reactor then 
supplied a NO/nitrogen stream and the voltage in 
creased from zero to about 18,000 vac. The gold system 
increased the NO conversion only slightly over un 
plated stainless steel wool. 

EXPERIMENT 3 

Using the above noted test apparatus, glass wool 
exhibited NO reduction in the test apparatus above a 
voltage of 6,000 vac. As the voltage was increased to 
above the hypercritical minimum the NO reduction 
went through an unpredictable “ignition” stage at such 
threshold after which the NO reduction in this con?gu 
ration signi?cantly out performed the metal wool sys 
tems. 100 percent reduction occured at a voltage of 
about 18,000 vac. 

EXPERIMENT 4 

Using the above noted test apparatus, Kaowool, 
above about 8,000 vac, the reduction of NO increased 
rapidly for increasing voltage, out performing the glass 
wool tests of Experiment 3. 100 percent conversion 
occured at a voltage of about 14,000 vac. 

EXPERIMENT 5 

The differences between Experiment 1 and 2 and 
Experiment 3 and 4 is the use of a coronal-catalyst high 
dielectric material as opposed to a conductive material. 
Since gas is also a dielectric, a test with no packing was 
run. After threshold voltage was reached, a maximum 
reduction of about 40 percent was observed. 

TABLE 1 
1a. Empty Bed d = 10.8 mm r = 2.05 

NOin — 500 ppm 02in = 0.011% HgOin = 0.14% 

V (kv) % Conv % Red 

8.16 0 O 
9.02 1.0 1.0 
10.04 1.0 1.0 
10.28 13.0 8.0 
14.02 29.0 18.0 
15.96 32.0 26.0 

lb. 15.0 gm ceramic 
glass wool d = 10.8 mm r = 2.0 

NOin — 500 ppm 02 — 010% H2O = 0.12% 

V (kv) % Conv % Red 

8.00 0 0 
10.04 8.0 6.0 
12.04 62.0 58.0 
13.40 92.0 89.6 

lc. 9.2 gm Cotton d = 10.8 mm 1' = 2.0 

NOin _ SOOppm o1 = 011% 1120 = 0.10% 
V (kv) % Conv % Red 

8.12 0 0 
10.02 2.0 1.0 
12.04 38.0 32.0 
12.80 56.0 50.0 
13.0 62.0 56.0 

Note that d = distance between electrodes and r = residence time in column in 
seconds. 

TABLE 2 
2a. 7.68 g Glass wool d = 10.8 mm r = 2.1 

NOin - 500 ppm 02in - 0.012% 1120 = 0.15% 

V (kv) % Conv % Red 
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TABLE Z-continued TABLE 4-continued 
6.10 ‘ 0 0 v (kv) % Conv. % Red 

7'94 1 O 1'0 7.98 3.0 3.0 
9.04 4.0 4.0 

10.10 50.0 57.0 10.00 33.0 19.0 5 
12.00 90.0 88.0 

10.04 71.0 63.0 1 4'10 989 999 
14.06 87.6 85.6 
16.04 96.0 95.2 

2b. 55.2 gm Linde TABLE 5 
Molecular Series 10 

4A d = 103 mm r = 2_() 5a. 12.5 gm Glass Wool d = 10.8 mm r = 2.1 

NOin = 490 ppm 0% = .013% H20 in = 0.16% NOin — 200 ppm 02 = 0-0°9% H20 = 014% 
v(1tv) % COnV % Red V (kv) % Cow % Red 

6_04 0 o 6.02 9.5 7.5 
802 2‘0 0 8.10 20.5 17.5 
1002 34] 34] 15 10.08 53.0 49.5 
1100 72,4. 70.4 10.04 94.0 93.0 
14.02 80.6 76.6 ‘4-00 99-8 993 

1612 81-6 79-6 5b. 12.5 gm Glass W00] :1 = 10.8 mm 1' =-2.0 

2c_ 7]] gm s?anized 810111 695 ppm 02 = 011% 1120 = 0.15% 
01855 W001 d = 10.8 mm r = 2.03 V (1“) % Q)“- % Red 

Nom = 500 ppm 01m = 017% H2O = 15% 2° (.08 2,2 21 
V (kv) % Conv. ‘72 Red 8_()() 6.5 5.0 

620 O 0 10.08 20.01 17.3 
12.08 51.1 45.3 8.04 0 0 0 
14.06 77.0 74.1 

10.16 10.0 8.0 166 905 8 2 
12.12 60.0 54.0 25 ~ - 9 

14.08 93-9 9893 5c. 24 gm Lg Glass Wool d = 108 pm r = 1.9 
15.02 99.9 99.8 Nom = 200 ppm 02 = 0.010% H20 = 0.15% 

V (kv) % Conv. % Red 

6.10 0 0 
TABLE 3 8.10 2.5 2.5 

. . 30 10.08 14.0 12.5 

33' lifg?igfgf‘" 12.02 99.0 98.4 
WOO] d = 10.8 r = 2.05 ‘2'56 99's 99'8 

NOin - 500 ppm 02!’ = 0.02% 1120 = 0.18% 5d. 24.6 g Glass Wool d = 10.8 mm r = 1.9 

v (kv) % Conv. % Red NOin 700 ppm 01m = 0.014% 1120 = 0.15% 

8.04 0 O 35 V (kv) % Conv. % Red 

10.10 3.0 3.0 6.12 0 0 
12.02 50.0 44.0 8.08 0.7 0.7 
14.02 85.0 82.0 10.02 10.0 8.6 
16.09 99.2 98.4 12.00 58.6 54.3 

14.02 92.1 90.0 
3b. 7.79 gm 

Glass W001 d = 10.8 r = 2.20 40 1582 99'9 99'6 

Nom _ 500 ppm 02 = 0.012% 1120 = 0.22% 

V (kv) ‘7c Conv. % Red we claim: 

8.02 5.0 5-0 1. A method of environment effective reducing of 
“no 380 37-0 NOX emission comprising the step of reactively expos 
12.06 80.0 74.0 . . 
M06 984 93 0 45 mg NO; to a sulfur tolerant coronal-catalyst sald cata 
1602 993 960 lyst in a ?lamentous form and said exposing occurring 

at an electric power density of at least about 75 watts/ 
meter3. 

TABLE 4 2. The method of claim 1 wherein the coronal 
44. 3.72 gm Glass Wool d = 10.8 r = m 50 catalyst is a high dielectric catalyst. 

Nom - 500 ppm 02 0.10% 1120 = 0.15% 3. The method of claim 2 wherein the coronal 
‘’ (RV) % 0°“ % R=d catalyst is glass wool. 
6.12 0 0.0 4. The method of claim 2 wherein the coronal 
392 30 21] catalyst is ceramic-glass wool. 

2'3 128 55 5. A method of environmental effective reducing of 
14:06 71:2 67:0 _NOX emission comprising the step of reactively' expos 
16.06 82.0 67.0 mg NOX to a sulfur tolerant coronal-catalyst sa1d cata 

4b’ 125 gm Glass woo] d : 108 mm r = 20 lyst in a ?lamentous form wherein ‘coronal-catalyst 
N01“ = 490 pp 02 = 012% H2O = 0.13% is adapted and con?gured for hypercrmcal presentation 

V (kv) % Conv- % Red 60 to an NO,‘ bearing gas stream wherein said exposing 
6.12 2.0 2.0 occurs at a minimum electric power density of at least 
8.00 9.2 7.1 about 75 watts/meter3. 
:28; a; 6. The method of claim 5 wherein the coronal-‘ 
14:00 89:6 88:4 catalyst is a high dielectric catalyst. 
1603 990 933 65 7. The method of claim 6 wherein the coronal 
17.08 99.6 99.4 catalyst is glass wool. 

4Q 24,6 gm 6135s woo] d = 10,3 gm 1 = 10 8. The method of claim 6 wherein the coronal 
- Nom - 500 ppm 02 = 0.013% 1110 = 0.15% catalyst is ceramic-glass wool. 
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9. The method of claim 5 further comprising; provid- applying ‘0 Said 011$ to a Pluraliiy of tubular memb?rs 
in an NO 8 ‘fro t ff t. d {O t voltage from about 4000 to about 30,000 volts; 
g _ _ x n 1 “men 6 so we re “C1 n appara us said voltage having a frequency of from 60 Hz to 

comprising a sulfur tolerant coronal-catalyst of glass about 30,000 HZ; 
wool or ceramic-glass wool; 5 maintaining residency of said flow of NOxbearing gas 

in said tubular members of from about 0.2 to about 
5 seconds or more. 

_ b 10. The method of claim 9 further comprising apply 
to receive a flow of NOX bearing gas; ing said voltage by means of a midpoint ground trans 

maintaining said coronal-catalyst at an electrical 10 former or a cold caihod‘e transformer- _ ' _ 

power density of at least about 75 watts/meter3; 1' The met_hod of c1mm.5 further ‘Pompnsmg adding 
_ _ _ suitable quantity of a reducing gas to increase no reduc 

said coronal-catalyst being present in amounts of {ion 
from about 0.5 to about 150 kg/m3; - * ‘ “ ‘ ‘ 

l5 

disposing said coronal-catalyst in from one to a plu 

rality of tubular members con?gured and adapted 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,147,516 Page 1 of 2 

DATED I September 15, 1992 ' 

INVENTOR(S) 1 Virendra K. Mathur et al 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected asshown below: 

On the title page: Item [54] and Column 1, line 1, 

before "REDUCTION" cancel "NOX" 
and in place thereof insert —-NOVEL N0X--. 

In the drawings: 
FIG.6 has been omitted. 

Column 1, line 1 of the title: cancel "NOX" and in 
place thereof insert —-NOVEL NOX—'—; 

Column 1, line 34: after "oxides" cancel "int" and in 
place thereof insert --into——; 

Column 3, between line 39 and line 40: insert new 
paragraph —-FIG.6 is a graphic presentation of the effect of 
a reducing gas on NO reduction.--,' 

Column 5, line 55: after "e.g.," cancel "Vycor TM" and 
in place thereof insert --Vycortm—-; 
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
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Column 8, line 20: after "systems." and before "100" 
insert —-Substantially——; 

Column 8, line 28: after "Experiment 3." and before 
"100" insert --Substantially——,' and 

Column 8, line 3 of TABLE 1, lb: cancel "010%" and in 
place thereof insert ——O.l0%——. 

In the claims: 

Claim 1, line 4: after "in" delete "a"; 
Claim 5, line 4: after "in" delete "a"; and 
Claim 9, line 1: after "comprising" delete ";" and in 

place thereof insert -—:—-. 
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